Infiltration percolation is an extensive treatment process aimed at eliminating organic pollution, oxidizing ammonia and removing pathogens. The main purpose of this work was to improve, by means of a numerical model, the understanding of oxidation processes and biomass development in an intermittent sand filter. Hydrodynamic, dispersion and biologic parameters were calibrated and validated after data from the monitoring of an infiltration basin set in the Dissa area (south-east Tunisia). The predicted values were in good agreement with the observed data. Simulations confirm the influence of the filter depth and the fractionation of the daily hydraulic load on organic matter elimination and nitrogen oxidation. Results showed that increasing the fractionation improves the oxidation performances of the infiltration percolation process and leads to accumulated biomass in the upper layers of the sand filter. The model allowed simulation of biomass growth and its impact on the hydrodynamic characteristics of the filtering bed. M. Bali NOMENCLATURE C im tracer concentration in the immobile region [ML À3 ] C m tracer concentration in the mobile region [ML À3 ] COD chemical oxygen demand [mg L À1 ] d 50 mean grain size of sand d 60 /d 10 uniformity coefficient of the particle-size distribution D m longitudinal dispersion coefficient [L 2 T À1 ] saturated water content [L 3 L À3 ] μm COD maximum specific growth rate of autotrophic biomass [J À1 ] μm NH4 maximum specific growth rate of heterotrophic biomass [ J À1 ] φ angle between the flow and the vertical axis 126 M. Bali & M. Gueddari | Oxidation processes and biomass growth in intermittent sand filter Journal of Water Reuse and Desalination | 01.2 | 2011 Downloaded from https://iwaponline.com/jwrd/article-pdf/1/2/122/375862/122.pdf by guest
Modelling of wastewater transport and degradation in soil is a problem with regard to the optimization of design and operation of the wastewater soil treatment system (Yin & Xu ) .
Mathematical models are now routinely used in research and management for predicting the movement of water and dissolved chemicals in the unsaturated zone.
The main purpose of this study was to improve, by means of a numerical simulation, the understanding of oxidation processes and biomass growth in an intermittent sand filter. 
MATERIALS AND METHODS

Filter medium
Experiments were investigated in a 100 m 2 sand filter located in the Dissa area in the north of Gabes City (south-east Tunisia). The sand filter is a trapezoidal basin 2 m in height and filled with 30 cm of coarse gravel and 1.5 m of sand. The mean grain size of sand (d 50 ) is 0.26 mm and the uniformity coefficient of the particle-size distribution (d 60 /d 10 ) is 1.93. A polyethylene pipe was used drilled with 0.5 cm holes to drain filtered water out. The experimental arrangement is depicted in Figure 1 . We carried out infiltration trials using secondary wastewater effluents produced by Gabes City treatment plant which employs activated sludge treatment with a capacity of 17,000 m 3 /d. Secondary effluents were applied according to a 4 days operating -3 days drying schedule. The daily hydraulic load was 0.27 m 3 /m 2 . This was the average load over the 4 days of operation.
Sampling and analyses
Flow rates were monitored and percolating water was sampled at 0.5, 1 and 1.5 m depths during several feedingdrainage cycles. Chemical analyses were performed on secondary wastewater effluents and percolating water at three different depths along the unsaturated sand profile. COD, ammonium (NH 4 -N) and nitrates (NO 3 -N) were analysed.
Simulation model
The mathematical model presented by Bancolé () was applied to simulate the transfer and oxidation of dissolved organic matter and nitrogen in unsaturated sand filters.
The model was derived from the HYDRUS 1D code
The model allows simulation of biomass growth and its impact on the hydrodynamic characteristics of the sand filter.
The code assumes that water flow in soil under isotherm conditions can be described with the following form of the Richards's equation:
where θ is the volumetric water content (L 3 L À3 ), h is the pressure head (L), S defines the volume of water removed per unit time from a unit volume of soil due to plant root uptake (T À1 ) (S ¼ 0 when there are no plants on the surface of the filter, which is the case in this study), x is the spatial coordinate (L), t is time (T), φ is the angle between the flow and the vertical axis (φ ¼ 0 W for vertical flow), and K is the unsaturated hydraulic conductivity (L T À1 ).
Porous media hydrodynamic characteristics, K(h) and θ(h), where θ is the volumetric water content, are expressed through Van Guenuchten's functions:
KðhÞ
where θ r and θ s are the residual and saturated water content (L 3 L À3 ), respectively; K s is the saturated hydraulic conductivity (L T À1 ); α, n (m ¼ 1 À 1/n) and l are empirical coefficients affecting the shape of the hydraulic function;
and S e is effective water content (L 3 L À3 ). 
where K so is the hydraulic conductivity in the absence of any biological development; a and b are curve fitting parameters and θ biof is the water content corresponding to the biomass.
The water content corresponding to the biomass is given by Bancolé et al. () :
where ρ biof is the biomass content and λ is the volume of the unit biomass.
The transport of dissolved organic matter, NH 4 -N and NO 3 -N, is described taking into account that the liquid phase divides into mobile and immobile regions. Exchanges between mobile and immobile water are diffusive. Thus, the transfer of a non-interactive tracer is described by the following equations (Simunek et al. ) :
and
where C m and C im are the tracer concentration in the mobile and immobile regions respectively (ML À3 ); θ m and θ im are water content in the mobile and immobile regions respectively (L 3 L À3 ); D m is the longitudinal dispersion coefficient (L 2 T À1 ); q is the specific flow rate (L T À1 ); and α is the exchange coefficient between the mobile and immobile regions.
The biological degradation of organic matter and nitrogen oxidation take place in the biofilm. Substrate consumption, biomass growth, endogenous respiration and 
where μm COD is the maximum specific growth rate of autotrophic biomass, Y COD the yield coefficient for COD, K COD and K oxy the saturation coefficients for COD and oxygen, respectively, and ρ bio , COD the heterotrophic biomass content.
Loss of ammonia through the nitrification process is given by:
where μm NH4 is the maximum specific growth rate of heterotrophic biomass, Y NH4 the yield coefficient for NH 4 -N, K NH4 the saturation coefficients for NH 4 -N, and ρ bio , NH4 the heterotrophic biomass content.
Heterotrophic and autotrophic biofilms are modelled taking endogenous respiration into account (Horn & Hempel ):
where K d is a microbial decay rate and
Initial conditions
The model allows initial conditions to be specified either in terms of pressure heads or water contents and solute concentrations. Simulation was performed by using an initial pressure set at À50 cm at the top (0 cm) and a bottom boundary condition of freely draining profile (150 cm). The measured initial volumetric moisture content, θ r used to initialize the model was 0.05 cm 3 cm À3 . Initial solute (COD, NH 4 -N and NO 3 -N) concentrations were set to zero.
Boundary conditions
The upper water flow boundary condition at the surface As a first step during the calibration, the saturated hydraulic conductivity parameter (K s ) and the saturated moisture content (θ s ), characterized as the most sensitive parameters, were manually calibrated to ensure that the numerical solutions converged by comparing the moisture content at the end of each simulation and ensuring that the water balance error did not exceed 1%.
Measurements of water content allowed evaluation of θ r . Other hydrodynamic parameters, n and α, were calibrated to fit flow rates observed at 0.5, 1 and 1.5 m depths during a feeding-drainage cycle. Once the hydraulic parameters were calibrated (Table 1) , transport parameters were then calibrated ( Bancolé ) while μm NH4 , μm COD , Y NH4 , Y COD , K NH4 , K COD and K d were calibrated (Table 3) to fit COD, NH 4 -N and NO 3 -N contents observed at 0.5, 1 and 1.5 m depths during a feeding-drainage cycle.
Model validation
The model was validated through the simulation of water 
where C c and C obs are the calculated and observed values, respectively, and N is the number of measurements.
The RMSE statistics, for comparisons between observed and calculated values on an average basis, for COD and NH 4 -N were found to be 1.04 mg/L and 0.98 mg/L, respectively. In general, the statistics indicated that the prediction of these solutes at the sampling depths corresponded well with the measured values.
Oxidation performances and biomass growth
Therefore the validated model could be used as a tool for a better understanding of the infiltration percolation process, to assess the influence of construction and management parameters on oxidation performances and biomass growth in sand filters.
The construction parameter taken into consideration is the depth, L, of the filtering bed. The management parameter is the daily number of feeding-drainage cycles, f (fractionation factor).
The infiltration of secondary wastewater effluent has been simulated after three days for a daily hydraulic load Achieving total oxidation requires a minimum water residence time. The residence time or contact period between the pollutant matter transported by the effluent and the purifying biomass attached to the support is thus a parameter that is linked to the dispersion of the effluent within the porous medium.
Simulations also showed that increasing the bed depth and the fractionation allows a higher oxidation of nitrogen ( Figure 5 ). Increasing the fractionation of the daily load leads to accumulation of biomass in the upper layers of the sand filter ( Figure 6 ). As the biomass increases, the hydraulic conductivity diminishes, reducing infiltration velocities and increasing the water residence time. Thus water quality was improved when f increased. It was demonstrated (Brissaud et al. ; Bancolé ) that the high fractionation of the daily hydraulic load increases the clogging risks and threatens the process sustainability.
Internal clogging is managed through alternation of operation and drying periods. During drying periods, endogenous respiration allows a decrease in the biomass.
CONCLUSION
The aim of this work was to simulate the oxidation of organic matter and nitrogen in unsaturated sand filters.
After calibration and validation, the model was used to assess the influence of construction and management parameters on the performances of the infiltration percolation process.
The numerical model was successfully applied to predict oxidation performances of the intermittent sand filter. Simulations showed the influence of filter depth and fractionation of the daily hydraulic load on organic matter removal and nitrogen oxidation. Results showed that increasing the fractionation leads to accumulation of biomass in the upper layers of the filtering bed.
The model could be used as a tool for a better understanding of the process in the design of infiltration percolation plants. Thanks to advances in the knowledge and modelling of oxidation mechanisms, the predictability of organic matter and nitrogen removal by infiltration percolation process is being significantly improved.
